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BLUW!?-?JOSE BAI@JCE OK THE NACA 23012 A13FOIII

By W. Letko, T. A. Eollingworth, and 3. A. Anderson

SUWAEY

!!?estswere zade on an l?ACA 23012 airfoil fitted with a
2&percent-chord, true-contour aileron with 35-percent-
chord, extreme blunt-nose balance. The tests were made
In the two-dimmsional test Bection of the liACA eta%ility
tunnel at a range of airopeeds from 160 to 360 fiiles per
hour, which corresponded to a =ange of ti,~chnumtors from
0.195 to 0.475. The primary purpose of the Investigation
was to determine the variation of thg serodyuamlc character-
istics of this t~pe of aileron with airspeed: the effect of
vemintlons cf gap width and balanoe-noso radii was also in-
vestigated.

The results of the. lnvestlgfition ara presented as curvee
of section hinge-moment coefficient and section lift coeffi-
olent plotted against aileron angle, and cross plots have been
made to $llustrate the effect of variations of Mach namber,
balanoe-nose radii, and gap width on tho aerod~namic charac-
teristics of the aileron. For small nilaron deflection~ &t
low an~les of attack, IncreaBa& airspeed had little effeot
on the rate of ohange of section hinge-moment coefficient
with ail~ron deflection but inoreased the rate of ohange of
section lift coefficient with allerou deflection. Increased
airspeed decreased the .unstalled range .of tho aileron and
lncr~ased the rate of change of seotion lift ooefficlent and
section pitching moment coefficient with .anglo of attack. An
increase In gap width at low angles of attack for small &ile-
ron .defIoct50ns decr~asdd the r~to of change of sactlon lift
coefficient with aileron deflation and approclably decreamed

tho ratie.of changa of seotion hinge-mcment coefficient with
#
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aileron deflection. Ipcrea8ed balanoe-nose radii increa8ed
the rate of ohange of section hinge-moment coefficient with
aileron deflection for emall &ileron defleotione and appre-
ciably increased the unstalled range of the aileron.

INTRODUCTION

The recent trend in airplane design toward increased
ei8e, power, and radius of gyration in roll and the demand
for greater maneuverability at high airspeeds have made
neoessary almost perfectly balanced controls on combat air-
oraft with no decrease in control effectiveness. Although
most present a%leron in~tallationO are fairly satisfactory
at low airspeeds, these installations may be unsatisfactory
at high airspeeds beoause of insufficient balanoe and, in
Bone ca0e8, overbalance. In an effort to overoome this
difficulty, the NACA has undertaken a series of lnvestlga-
tlons to datermine the aercdynamio characterletic8 of various
types ot balanced control surfaces at higher airspeeds than
were used in their development. The results of similar tests
have been reported in references 1, 2, &nd 3.

The present report contains the results of tests of a
20-percent-chord allercn with a 35-percent-chord extreme
blunt nose %alance on an NACA 23012 airfoil; the aileron
was similar to that of referenoe 1 with the exception of the
airfoil section contour, A 0.35-aileron-chord balance was
chosen beceuse the results of reference 4 obtained at low
airspeeds indicated that this aileron would give almost com-
lete balance at a low angle of attack.

The section lift and hinge-moment coefficients were
measured for various values of balance-nose radii and gap
widths at airspeeds up to 360 miles per hour over a range
of aileron deflections of *200 and a range of angle of
attack from _~o to 1000 The results of the investigation
are presezted as curvo8 of section hinge-moment coefficient
and section lift coeffioiont plotted against aileron anglee
Cross plots have been made to show the effect of variations
of ~~p width, balanoe-nose radii, and airspeed on the aero-
dynamic characteristics of the aileron,

SYkBOLS

Ct airfoil section lift coefficient (i/qa)

cha aileron section hinge-moment coefficient (ha/q cas)
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air-foil– E6ctlon --pTt~hin&m”oment -coefficient about

the quarter-chord point of elrfoll
()
%
q Ca

airfoil Bectloa lift

aileron sectian hinge moment

chord of basio airfoil, ”including aileron

chord of aileron measured from hinge axie back to
trailing edge

dyne.mic pressure (*pva)

air velocity

airfoil section pttching mom~nt &bout. the quarter-
chord point of the airfoil

angle of attack for e.irfoil of infinite ??apect ratio

aileron cngla with rcspoct to uirfoil

Mmch number

“boha()</= slope of Cha againet 8a at oonstant a. ob-

0 tained from the faired curve of Cha againOt

Sa at -50 and 50 aileron deflections

bcha

()
810p0 of oha

?)ao 8
againet a. at constant 8a

a

~)i)c~\
—. slope of Ct agalnet no
ao 6a

at con~tant 88

. ?qJ,(%%a)a slops of 01 atalngt 8a at conetant ‘O
o obtained from the faired curve of cl againet

8a at -5° and 5° aileron deflection

.
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AJ?PARATUS AND MODEL

The tests on the I?ACA 23012 airfoil equipped with an
extreme blunt-nose balance aileron were made in the rectan-
gular 2.5- by 6-foot test section of the stability tunnel.
The model completely spanned the test section add was fixed
Into end disks that were flush with the sides of the tunnel.
The end disks were rotated to change the angle of attack.
A photograph of tho airfoil mounted In the tunnel la shown
in figure 1. Figure 2 16 a sketch showing the aileron con-
figurations tested.

The airfoil was made principally of laminated” mahogany.
!Che aileron, with the exception of a wooden leading edge,
was made of steel and rotated in hall hearings. These
hecrings were set intc steal md plates mounted on the ends
of the airfoil. A full-span seal of impregnated cotton
fabric WR6 used for the tests with the gag sealed. The ai-
leron angle and hi~~~ moment were measured by a calibrated
spring-torque balanco and sector syotem. The airfoil lift
was r.easured by an Intagreting manometar conneoted to ori-
fices sot in the floor and ceiling on the center linci of “the
tunnel. The integrating manometer tias calibrated from pres-
sure-distribution data. The pressure distribution was re-
corded photographically from a multiple manometer connected
to pressure orifices located oa the midspan of the wing and
aileron.

TillSTS

Section hinge-moment and section lift coefficients were
measured at five airspeeds corresponding to a range of Mach
numbere from 0.1~5 to 0,475. These test airspeeds corre-
sponded to Reynolds numbsrs, based on a 2-foot chord and
standard atmosphere, of approximately 2,800,000 to 6,700,000,”
respectively. ?’igUre 3 Shows the variation of different test
Mach numbers with approximate Reynolds numbers. At sach air-
speed, tests were run at angles of att,ack of _50, 00, ~o,

and 10°. TOr each nngle of atteck, gap widths of 000C)05C,
O.oozoc, 0.005Gc (sealed and unsealed) and O,O1O7C were tested
with balance-nose radii of O, O.OIC, end 0002c0 (See fig. 2.)
The integrating manometer results are not available for the
zero nose radius. For each of the condlticns, tests were
made with aileron angles of 0°, *50, +70, +lOo, +130, +IGO
X18°, and *20°. At high angles of attack and high allaron’



..- ——. .— —— ---- .—

6

... . . deflections, however, power was not available to obtain the
highest speeds,

At eaoh angle of attaok, photographic records of pree-
sure dietrlbutlon were taken at aileron aagles of 0°, *5°,
AIOO, and +16° for Mach numbers of 001~5, 0.558, and 0.455.

P13ECISI02i

The aileron angle and angle of attack were met to within
*Oo30 and *O.lO, respectively. The aileron section hinge-
moment coefficients could be repeated to within *0.003 and
the lift coefficlemts to within ●0.01. Lift and pltohln~
moment coofficienta and anglo of attack wera corrected for
tunnel-wall effect by the foliowing formulas:

a. = (1 +- y) Uof

=(1-
icl~

cm 2PY) cnc/A’ + —-—c/4

whare

l-r’ ‘(1y=zL
hj

c airfoil chord (2 ft)

h height of tunnel {G ft) .

B = 0,237 (theoretical factor for YAGA 23012 alrfoll)

Caf neasured lift coefficient

a. t uncorrected. or geomotric angle of attack

‘me/4’ meaaured pitching-moment coefficient

The values ~sf~d are:

,,-. ., .- . . .-, .- .
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u, = 1. 023a. Io

—

The hinge moments were not corrected for tunnel-wall
effect hut were measured both by pressure distribution and
by the spring-torque balance for a number of conditions: a
comparison of the results of the.two methods Is given in
figure 4. ~he v~rlation~ shcwn are probably due to the fact
that the sprin~torque balance measures the moment of the
entire aileron, which includes the effects of boundary layer
at the tunnel wall anti of gaps at the ends of the aileron as
well as an~ cross flow over the aileron. The pressure dis-
tribution, however, gives the hinge moment of one section of
the aileron and is subject tc errors in fairlng t!le pressure-
distribution curves. The effect of compressibility on these
corrections has been neglected; It is believed, however, that
the conclusions given in the present report are not invali-
dated. .

RESULTS AND DISCUSSION “

In order that the results for the tests may be more
easil~ found, the figure numbers, tha variations shown on
tha fi,gure, and the corras~onding model configurations are
glTen in table 1.

Hinge homouts

Curves of ~~ction hin~e-mok.~nt c~efficidnt ch
a

plotted

against aileron deflation 8(J are yresantod in figures 5
to 10. Tho results, In genarnl, indicate that good balanco
effectiveness was maintained for a limited range of aileron
angles; for le.rgc aileron angles, separation of flow caused
rapid increases in the hinge-momont coefficients.

In the unstalled range of aileron anlgles, the slopes of
the ourves of cha agninst 8a were small and generally
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nega~ltie ‘for-p“osltivti ailkron “tiefle-ctlons- at negative angles
of attack and increased negatively with an Increase in angle
of attaak. In most cases, the slopes of the curves changed
in the vicinity of the neutral aileron Bett3ng and at neg~
tive aileron angles were smeller than at positive angzes for
all angles of attack except at a. = -50, at whloh the nega-
tive slope was fairly large.

,
Au oscillation frequently occurred during the tests at

the transition point between the stalled and untatalled range.
The amplitude of this 060111ation increased with airspeed.
The principal effect of Increased airspeed, however, was an
appreciable dearease in the unstalled range of the aileron.
(See figs. 5 to 10). This effact is probably due to the
effects of both Reynolds number and Mach number. A com-
parison of the varioue test hach numbers with the approxi-
mate Reynolds numbers is given in figuke 3.

()aOhQThe effect of Mach n~ber on is shown in
Zta

a.
figure~ 11 to 14. At a. = 0° for all kaoh numbers and

with Mach number was nearly zero. At U* = *5O for values
of Mach number above about 0.4 and at U. = 10° for the “

()

b~ha
range of Mach numbers tested, the value of in-

T 8 U.

creaBed rapidly in the negative &irection with kach-number,

faoha
The Increaee in —.-

~h8a )
} which was probably oauaed by

‘O
compressibility effectra, appeared to ocour at cons”iatently
higher Mach numbers with a sealed gap than with an open gap.

For the condltlon of high speed and a. = 0° with 0.02c

hha
balance-nose radii, values of

()
of -0,0008 for a

~
‘O

7 of 0.0055c (figO 11) and -0.0022 for the sealed gap (fig.
% were obtained from this Investigation as contracted to
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valuee of -0,0075 and
reported In reference
the same conditions.
cates that the amount

-0. 005!7 , respect ivel~, which are
1 for a 66,2-216, a = 1 airfoil for
Thi6 difference. in the re6ults indi-
of balance required depends on the

hinge moment of the unbalanced aileron, The hinge moment
of the unbalanced aileron In turn depends on the shape of
the airfoil section, particularly near the trailing edge.
(See reference 8.)

An increase in the gap width tended to decreaee elightly
the unstalled range of the aileron: the effect was negligible,
however, for meet conditions (figs. 6 to 10), The effect of

b~ha

()
gap width on — is shown In figure 13, The change

~cha
k8a

()

%0
in with gap width varied considerably with cto.

ai3a ~.

At a. = 0°, increased gap width resulted in a decreaeed

.. ~ac~
negative vclua of -—*

()a8a ~
at all alrepeeds; this trend

tA

was aleo found In referenc~ 4, At aa = 10°, the manner

‘i?cha
in Which () varied with gap width was dependent upon

b~a ~
ao

alreyeo5. At h = 0.199, the effect of gap width on

(

aCh \
—Q \ vas negligible; whereas at ~i= 0.417, the values

1i!5a ~
o

,hh
of

()

—a increased negatively with gap width up to a
afla a.

maximum negative value at a gap width of approximately 00006c.
For gap widths le.rgor than 0.00c.c the negative values of

(
achc~

(
~ch \

decreaeed.
%;)uo

The valuee of —~ “ for the sealed
>8a la.

gap corresponded closely to the valuas of the smallest gap
widthe for all condition. A value of -0.0002 for

t)c~a() was Indicated at ‘O = 0° when the gap width was
b8a

ao

.—
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- -, . .. . . -. 1. -.. ~eha . . . of

O.olc.
()

An approximate value of — -0,0072 was

a~a a
o.

obtained for a plain sealed aileron in reference 6.

Increas5ng”the balance-nose radii 5ncrea0ed greatly the
unstalled range of aileron angles, as shown in figures 5 and
6. Because the data for zero radii were incomplete and be-
cause the results for ailerons with small balance-nose radii
(especially zero) showed that the stall occtrred at ~u~h a
small deflection that these ailerons have doubtful practical
application, no curve for zsero radii and only one for O.OIC
radii is presented. The effect of balance-nose radii on

~chq~i

(
is shown la figure 14. In general, the value of

a8a )ao

aC@

()—-- incroaeed negatively with incrsaeed radii in the
?8a ~.

unstalled rcmget a~ wa~ indicated in reference 4. An ex-
ception was found in the condition of the unsealed gap at

?hh=

()low airspeeds where the value of -— remained practi-
Z8a ~.

tally constant. In the unstalled range the rate of change
~chg

of
0

with balance-nose radii wae greatest with the
xa

=0
gap sealed, (See fig. 14. ) At a. = Oc and with the gap
sealed, the aileron with balance-nose radii of xero was
slightly overbalanced at all airspeeds.

Closely balanced ailerons may be overbalanced while

bha’)
rolling, depe~ding on the value of

(—-}6 ‘
The vari-

Sao
a

ati.on of cha with a. at high and low Mach numbers for the

Ophri and the sealed gap is presented in figures 15 and 16,

respectively,
t?Chn -

When 8a = +13° the value of
()

Is
Ta: &
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negative. With the aileron”’neutral, the value of

“(bCha~i

xp6a is positive at negative angles of attack and

becomes negative with an increase in angle of attack. In
general, the effect of gap width or of a variation in air-

fic~
spesd on —

()
appears tc be slight. The results of

~ao ‘a

this investigation indicate that for large &ileron angles, a
reduction in stick force would be obtainad while the airplane
is rolling; the amount of reducticn depends on the value of—

)
,/@a

\~ ~a’
Although the curve of cha against a. some-

times has a elight positive slope, there ie little chance of
overbale.nce for this aileron installation.

Lift

Section lift, aileron neutral.- Curves of airfoil.—..-- —..—
s8ction lift coefficient cl plotted against aa~le of
attack m. are pr~sented in figures 17 to 20. The results
indicate that the principal effect on the section lift curve
of variations of airspeed, gap width, or bal~.nce-noee radii
was a ok.ange in slope.

Incrcaeed air~?eed Increased the elope of the lift curve
as is shown in figures 17, 18, and 21. 3’or a gap width of
0.0055c with the gap both open and sealed, an increase In
slope of approximately 15 percent was obtained for the raage
of test Mach nu~bers. A slope of 0.124 at a Mach number of
0.473 was obtained from this investigation for the sealed
condition. A comparison of the theoretical and the measured
effect of Mach number on the slope of the lift curve for the
sealed and open gag is given in figure 21, Beferenoea 6
and 7 show that the slope of ttie lift curve should vary with
l.ach number es 1—. . The theoretical curve in figure21

J-r- Ma
—-

.wau obtained by selecting c value of
(

*Y.
at zero Mach

&ao~8
a

number of such magnitude that the thaorotical increase in
lift-curve slope passes through the measured value for the

—..— m-mm
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.- . . ..—- . ..e“ealed gap at a Maoh num%er bf 0.2. The measured effeat of
Maoh number on the slope was greater thau the effect initiated
by theory. The variation In Reynolds number and the failure
to oonsider compressibility effects in applying the w3nd-
tunnel correction probably contributed to the discrepancy be.-
Iiween the theoretical and the rneauured effect OZ hadh number.

Inoreased airspeed had a negligible effect on the angle
of zero lift but ‘resulted in separation at a lower angle of
attack (flge. 17 and 18).

The effect of gap width on (~> is shown In figure

[5CI>
o 8a

19. The value
(~)8a

waO greate~t for the Oealed gap and

only slightly less for the 0.00C6C gap width. An increase
from 0,00050 to 0.0030c In gap width decreased the value of

(
5) ~pproxi~atoly 0 percent, hut a subsequent increase
auo/6

a

in cnp width from OO0030C to O.O1O7C had a negligible effect
on the slope. The increased gap width slightly increesed
the angle of zero lSft.

An increase in balance-nose radii from O to 0.02c had
little effect on the slope of the section lift curve as
shown In figure 2?0,

Section lift: ~—. ~~.- Curves of section
lift coefficient cl plotted agaiust aileron angle 8a
are presented ~n figures 22 to 27, The results, In general,
indicate that the lift increased with aileron angle up to
some value after which separation occurred, and cl de-
creased rapidl~.

Although the slopes of the CI against 8a curves

changed slightly in some cases at 8a = 0, these slopes
generally remained, unchanged throughout the unstalled range
of aileron defleotlonem An exception to this condition wae
found when an effect (probably due to compressibility, Reyn-
olds numbar, or a combination of both) occurred, which re-
sulted In a rapid decrease in slope with increased aileron

deflection.
(

bc ~\
A value of of 0.045 was obtained as

;~) ~
o



an approximate average slops for all test conditions In
the unstalled range of aileron deflec.tlons.

!i!heprincipal effects of Increased airspeed were an
appreciable decrease in the range of aileron anglee over
which lift effectiveness was maintained and n decrease,
generally, in the maximum value of cam (See figs. 22 to
27.)

The effect of airspeed on
Glci)

GJao
is showL in figures

28 to 31. At a. = 0° and 5° for all hach numbers and at

(?)C~)
a. = -5° and 10o for low Mach numbers, the value of

@a
o

increased with hach nur.her, 8s Is shown in ?igures 28 and
a~o As the Lath numbers increased above 0.35, the value of
[fat11
~’j;j remainei!. about conetant for a. = -5° and rapidly

~o
decreased for a. = 10°. This change was probably a com-

pressibility effect. The value of {~)

(L8a}a
varied with ao s

but the rate of inci-ease ~~ith Mach numhar ~elow critical
spae~s was aFproxlmately the s3me for all values of aom
Vhe results of tk.ls investigation indicate that at zero
angle of attack the effect of alrspead on both the aileron
effectiveness and the balance effectiveness was slight.

Variutlons in gap width generally had a negligible
effect on the range of aileron aIlgles ovar which lift
effectivcmoss was maintained (figs. 23 to 27). Incraased
gap width, however, did appreciably decrease the maximum

“ac1
value of cl.

6)
The effect of gap width on --- 1s

6ala

shown in figure 30, At zero an~le of attack the ~alue of

(
bc ~\,

decreased with Iuoreased gap width: however, at
%;)=

= 1:0
(

ac 1)
a. the effect of gap width on ---

}
depended on

h8a ~.
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the airepeed~ “’@or”low airepbdde the” ‘effect- Ih “m’Xtillar”*O
that for zero angle of attack, .but at high airspeeds the

@

acI
value of increased with gap width. (See f’ig. 30. )

6a a. .

At high airspeeds an~ zero angle of attack for the condition
at which the test hinge-moment balance wae obtained, that ieI,

acha
for a gap width of approxim&tel~ O.OIC and

()
= -0.0002,

x ~.
/at\

)
the value cf l— = 0.042 was the smallest for the range

\?Ma ~. .

of ga~ widths teetea~

hcrca~od br.l&nco~noBo radii greatly increased the range
.of aileron deflections over which lift effectiveness wr.e
maintained and appreciably increased the maximum value of
cl. (Seo figs 22 and 25. )

Gc ~\:
The effect of balanco-noee

L
radii on ~-- is eonewhat irragulor es can be eeen from

saJao

figuro 31.

Pitching-Moment Coefficient

Yhe variation of the airfoil section pitchin~moment
coefficient cmc/~ with angle of attack ao ! aileron

neutral, which was obtained from preesura distribution, ie
presented in figure 32. The principal effect on the ‘me/4
curve of a variation of airspeed or gap width was a-change

,

.in slope, whereas the affect of balance-noee radii waa neg-
ligible; inc~eased gap width or increased ~irsp~ed increased
the slope of the curve. The variation was approxi-

cDc/4

mataly linear and was sufficient to double the elope for the
range of test Mach numbers and gap wldthe.

CONCLUSIONS

Trom the results of this investigation the following
conclusions may he drawn:

1. Increased airspeed increased the positive slope of
the airfoil section lift curves and pltchin~moment-coefficient
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aurves, increased the slope of the curves of section llft
coefficient with aileron an~le, and had a negligible effect
on the balance effectiveness at low angles of attack for
small aileron angles. The unstalled range of aileron de-
flections decreased with increa~ed speed.

2. Increased gap width increased the aileron balance
effectiveness but decreased the slope of -the curves of
section lift coefficient with aileron angles at low angles
of attack for small aileron anglesa An increase in gap
width usually decreased the slope of the airfoil section
lift curve but increased the positive slope of the alrfoll
section pltchin~moment-coeffic ient curve.

3. Increased balanca-nose radii greatly increased the
unstalled range of aileron angles and decreased the balance
effectiveness for suall angles,

Langley Menorlal Aeronautical Laboratory,
Hational Aiivisor7 Committee for Aeronautics,

Langley Field, Pa.



.-, , ,

1.

2.

3.

4.

5.

6.

7.

8.

RErE~yy5 . . ....-.-------- . . . . . .. ----

15

Letko, W., Dena~i, H. G., and Ii’reed,C.: Wind-Tunnel’
l?eate of Ailerons at V8rioua Speeds. I - ASlerone
of 0.20 Airfoil Cho~d and True Gontour with 0.35
Aileron-Chord Iirtreme Blunt Hose Balance on the MACA
66,2-216 Airfoil. MACA AMi XO. 3T11, 1Q43.

Donaci, H. C+o, and Bird, J. D.: Wind-Tunnel !Cests of
A31erons at Varioue Speeds. II - Ailerons of 0.20.
Airfoil Chord and True Contour with 0.60 Aileron-
Chord Sealed Internal Balance on the NACA 66,2-216
Airfoil. NACAA’!H FOO 3F18, 1947.

Lt)tko, W. nnd Kemp, W.; Wind-Tunnel Tests of Ailerons
at Vnrious Speeds. III - Ailerons of 0.20 Airfoil
Chord cnd True Contour with 0.35 Aileron-Chor@. Frise
Balance on the MACA 23012 Airfoil. HACAACR EO. Z114,
1943. .

Purser, Paul E., and Toll, Thomas A.: Wind-Tunnel
Investigation of tho Characteristics of 31unt-Hose
~~ilerons on a ~aperdd ~i~f. ~iLC~ JLRR, I’s>. 134Z,

Hengiagor, C~rl J., and Delano, James Z.: Pressure
Distribution over an EOA.C.A. ;?3012 Airfoil with a
Slotted and a Plain Flap. NA%4 Rap. ~0, SSS, 1~38.

Glauert, H.: The Effect of Compressibility on the Lift
of an Aarofoil. E. & h, no. 1135, arltish A.R.C. 1928.

..4
Ackert, L. J,: Uber Luftkrfifte bej sehr grosseno,

Gaechwindigkeiten insbesondere bei ebenon Stromungen.
Helvetica Physlca Acts, vol. 1, fast. 5, 1Q28, pp.
301=-322.

Purser, Paul E,, and McKee, John W.: Wind-Tunnel Investi-
gation of a Plain Aileron with !!!hickened nnd Beveled
Trailing IMlges on a Tapered Low-Drag Wing. YACA ACR,
Jan. 1Q430

, -..—, . . . . -— --



. . .

TABIiEI

LIST ~ I’IGOEEB

--f--
R’ig-

1

Variation shown
Ure

5 ]
6
7 i

)
q-a against da;

-5.1°, 00,
;

~

% =

10 5.1°, 10.20

)

-, / b chp-
11 ----

lb!i. &a against H;

i’
af)

12 J ~=._5..lc’, 00,
~.l”, 10.2

0

13

15

16

. 17

M

c] against a.

——
Mach
number
(epprox.)

—.

o.lg7,.28g

k
57,.416

:3

[
Yarlos

i
1- Vsries

.197,.417

.197,.4.17

.157,.417

.lgT,.2&j

57,.416,
&:3

.417 /

———

Beknc e-
nose
radii

.—-.—.—

[

O,olc
.C?2C
,02C

<

I

.G2C

.02C
● 02C

I.-

.02C

.02C

.02C

o to .02C

r
,02C

.02C

(-
/ .02C

1 .020

.02C

&p width

0.0055C
.000~c
● 0030C

.0055C

.0055c(smled)

.O1O7C

.0055C

.00s~o(seeled)

o to .0120C

.00qgc(sealcd)

.0055C

(sealed)

.0055C

.0055c(secled)

.0005C

.0030C

.0055C

.0055c(8fmd)

.O1O7C



17

. .. . .

#

Me
we

20

21

22
23
24
25
26
27

213

29

30

31

32

.

W I -IIXST-,OFI’IGUEZS(Oontinued)

wl~th; a. = *O

10

Mach
number
(approx.)
.—

).417

Viarles

.197,
i2~5!,e 57

&,416,. 3

Varies

.199,.417

.19:,.417

.199,.358

.473
I
I

- ——
Balance-
noOe
radii

—.

[
O.ooc
.Olc

) .02C
L

.02C

[

.010

.02C

.Q2C
●02C
,02C
●02C

.02C

●WC

.02C

o to ●02C

(kiP width

0.00sso(seeled)

.0055C

.0055c(sealed)

.0055a

.00050

. 0030C

.0055C

.oo550(seiilod)

.01070

o to .01200

.00550
,00550(see10d)

.Olc
.0005c
.oo30fJ

.020 .0055C

I .oo55c(sealea)



Figure 1.- Airfoil and aileron mounted in tunnel.

L-433



.<

.mca
—y-—-—_..._

c~ = ● 20C
j “———-----+

- -!1 II u .~lo7c l!

Figure 2.- Aileron sectionof an ITACA23012 airfoil showingtest variationsof aileron-nose
shapesami ga~s. W

w
Lp

N



.—

!
I

.5
t
—.—.

r--
I

I
1----

.2 L

2

—.—. —.——.-——
]

—-T. — .——
j !

I

;
y–-

I 1 I
“—-r”—-- ““--”-----’---””””-””

I II.— I—-——T———”

l“-”-”-”

i

—t”-

1
.—-——i-————

1
)

~/./’. /- ——
/’ /

/ I

--j----

I
—-L-----

I
—— -1-—-.

3 4 .5

—-

.—.-—-.

—._—

A:
.—

———

——

——-.—

7
—

.-——

——-

7 8 X 106
RcyQoldsmmber based on Standardatmosp]lere

Figure 3.- Reynoldsnumber for values of test i~iachmmber for a 2-foot chord airfoil in the ~
2.5-by 6-foot test msectionof the stabilitytumlel.

●

G3



.— .——.~—-–.

I
T

---.—

———-+- .—+------
I

i
!

—-. — .—. i. ___
--+ -—--

T
I

—, —7——...—7.—.-—
I !

1 I

-—. .— .+- .—. .. _+--- ___

I

I

I

1

I

—.——

+..:...+
g

F
.—.

—.-

..—

.....—..

,——-

-.—

..—

— --

..—

—T1--’”r=-r=1
I ; ~ ““.-..—_+._.~.;“—-—”--”’
1 I I ,/’
! [.. ‘

I 7’

.—_____

/d
0
G.ri
ZJ ● M

,,/’

I
I--––.+–..

n
‘o

} -...-.—.- !. . ..-

1 I
—.—.—.-.-—-.—

/’”’
) .(

“-–--y—————#~—
I I,/(-;

!,/”–_,q-....__..:
I

-&

I

— .—..

—.-

1
1;--. — —.——— ——
!

I
.-.—.-. .-—. ..— —..—.

.— -
\
.—

I
3
I
,.-.—--..,——

!
4

{
. .—

— —...-—-
!

I I

“~ ,
-— .-+-

1

!: ~
-—.-+-----;--—~,—T . . .. —._

I

i!l..+ -_+_.-.._J__
i~)

!
i

–+ ~ ~_&__ —.. F ----

I ~!
!!

._____________ ... . .... . .L_.--—

-.—-

——. —-.—-—

——-

.—

—-_
d

1 I
-.15 -.Qq

..-.-——-
,0 .08 .16 ,~o

section“ktinge-rmxieilt coeffici. ent, ei~, obtainedby pressure distrilmtion

between sprizg-balsrkead ;r3sswe- distrilmtionsectionhinge-monentcoefficients~g”)



NACA Fig.5

.20

\

Figure S— Variation of ailef on Secflan hm e-momenf coefficient w]tha!kron
)?4wg&A4asQ?uW2//.’.@#44 Q?GgW7dt = 0.0053C.

,



NACA Fig.6

.20

./0

o

-/0

-.20

‘$

./0

o

-./0

-.20

-20 -/6 -/2 -8 -4 0 4 8 /2 /6 20
Aileron angle , 60,cieg

.20

-.20

o
m
a-—
!)

—

‘figure G.— Vario tion of ulkvon secf[on tvnqe -momenf coefficientwIfh cvIeron
ang/e. Nose rodll= O= c; Qap wdth =O.0005c.

. .-—..-.—...—



NACA Fig.7

.

–20 -/6 ‘/2 -8 -4 0 + 8 /42 /6 20

A/leron a?g/e , 80, deg

.2’0

m

F@ure 7.—Vorlai70n of U//eron .sQctIon hlcige- momertf coefflclenf wit! aleron
ong/e. Nose rodll = 0.02 c; gup wldfh =o. 0030c.



NACA Fig.8

20

./0

o

./0

-20

o

-./0

-iTin

.20

to.

-20 - /6 -/2 .8 -4 0 4 6 /2 /6 20

A~leron ang/e, 6., dPQ

F/gure B.—Var@T/cn of o//eron section hinge- mom enf coefficlenf ivlth aleron
Un91C.Nose rudll = 0.02C1 qup wldfh =O.0055c.



.

NACA” Fig.9

-20 –/6 -/2 -B -4 0 4 & /2 /6 20

A//eron ang/e , 6., ,deg

.20

./0

6°

:.?0

F/gore 9.— Varmi/on of arleron .mc?lon hinge-momenY coeffmlenf wlfh ulleron
angle. Nose ruo~j =C!OZC; gop wjdth = O.0053c (sealed).



NACA Fig.10

’20 –/6 ‘/2 ‘~ ‘+ 0 + CS /2 /6 ZO

Aileron angle ~ Lia, deg

.20

:20

F/gure !/O.= Vafia fion of olleroo section hln e-momont coefficient with c?lleror,
&W&?/e.Nose rudll= 0,02c; @op WI h =O.O/07C,



.008..—. .

.004

-. OC14

-.008

-.C12
.2 .3 .4 .5

—.—. --—. —
--- ~ , ..[~ .1.

j

..-...++
Angle of attack,.

ao, deg ‘---
+

-1
~

-5.1
~)

I

‘+

0
-“ y, ~ –-—

,~ n 1:::
!—. I

-+.–+.-w~.--&p’—
.—. i--—- +—

1:
++-+’-++ - ----

_.a=_-”–L” x.! T

!-

!
!

I “f ,
~F;p_:.4 :.a..< _

[ “’=.

i-’di ~----vf-----v--- ---l---------————----.-...
~~

1

‘-< ‘1O.2”

II
I 1

L-__-L_..-...?[-.-..._.?-. .... .... ..-—-------—-–—--.!---.-—.—-.,
i~{

.._.–-j-... ------- j. ..–. -– J ._...~.--~.-.-.-. —j..– –.–..L–.-..
I !~i !

!
I-.———— ...___ . L-.L._.__L_._...l_________.._

——

—.—-

—.

OOao

——..
5.1°

——..—
0

5.1

-...—.-..

—.-—

.——.

——

-—

.—

.—

—--..—

——----

.—..—.—.

———
(-.2

Figure 11.- Qffect of Iviachnumber on the slope of the curve of hinge-
rnomentcoeffi,cien-twit,kaileron angle. ~7a,pwidth = 0.0055c:

Bose radii = 0.Q2c.



iYACA

.008
‘ .

.004

-.002

~--”-~
1

If
.4ngleof attack,

‘----+---+- (x., deg —

-1” -5*1
(--–”-Li––

+ ‘“

c ——

i ; : ,1!:; ~
—’~

li[
..—.—
I‘1—’-fJf=+fF+fF -?g.+=+

‘-- ~’~+”’--=

..:II: :._ ;_..; ;

-—...-—-—— .—. _-_—
--’’l’~’-

-~-j--w
f .—,.-._

+!,

—---- __.._.;._...._
j

-1-... —-----____ :——— I
— .-.—_

I
I J // I

1
I.-.-..—.. —---------., ____ .

-i
—-–----k-----+--+ ----–

ill
—-—___i._..-–J.._J.._.J..__.J :

l--
-t-

[

I

I
I

.__.._!———
-.b.loi
.5.10;

--+---

I
---—4---—

I

.__—}_.._

I

----4----
I

—-..———,..
. d .3 .1.. .5 .6

Mach ~~il’b er, U

Figure 12.- Xffect of Nach wm-oez-on the slope of the curve of hinge-
moment coefficient with ailerorlansgle.Gap wi(dth= 0.0055C

(sealed): nose r~.dii= 0.02c.



I“:

Fig. 13

=-, . ,,:-------

-. Ooe

mm

z

.064

c

-.034

“ _J__~. “,
I !

-1---
., I

—. . (~g)n:%_j
1+

0.199 ,

7

- ---i- i ::: 2: ‘+- —

. I L___.-.._i.... ‘-—— ,— _.,
M =

;,_#,ti

T

.199’.
11.o= 09-.’:,

-1---- -- ‘
Sealed .<-~., ;-M = .27-

y’ao = 00 ‘
__.–.~-_.t____r____:____

i

-----LL.--.L-. ~ ~ ---1-------— —-..——*_—..
., -

+

T----~F2~F2~+
1-’’”:”Sealed
r

/
008 -12.>_.’._.-..___:____‘

I ‘~=r~, ‘ f---”&+:’
t—--–.&—-.—_-L..___

I
1

‘.L2-&’=- ‘
! \ “’”~~==”::720

o .
I.———- ....... .... ..,,,.- _ ------- _ -- —.

012~--~---~-~;----~-~{-+--

--— .-—. --——— —
o ● 004 .006 .012 .0:

Gap width, fraction of chord
L6

Figure 13.- Effect of gap width on the slope of the curve of hinge-
moimnt coefficient with aileron angle. Nose radii = 0,02c.



.
i-

3JAC.4

,-. –
.012

.006

.004

0

;.—. _

1--.008,
.-.-—

1

.——.—

- ● 012 “—--nLJ

Figure 14.- Effect
moment

‘k.= -._’...LL~2:=2AL?;:?j:....j...–.... ~–‘-i+~-y.:”’[-”“;’”-p_ t—-..—+---/---+’---J---—--1—:-’;—:;43L-----
1

@FJ’\_—...+._.j-.x..i.x~
! I ?Ii—..——
i~l’—---- — —.-+-–-
T ‘–-i-’–-”l–-t,
1!—~ ——-. A...—--....I-----—. ——L.— —.———

Fig. 14

,01 •~~ .03
Nose radii, fraction of chord

ot’nose raliiiiorI
coefficient with

the slope of the curve of hinge-
aileron aflgle.



NACA Fig. 15

.. .. . ... . . .,. .

●lo

#’
o

.+
o
u-i
%!

-.10

*10

@

10

- ‘--+-lar!,,.----
-8a, ‘a~g

I

- [ ““

I—— .—— ——..-

>;y —
~~~+ ,~ ---+.

—-----.’: --L+ .~;x_ 6a = -w

—.
-.. ._

~- ~-. ::+~ < : :Ei ---

M = ● 41.7

..—— ,\.1 ~ .--.:>?: –.-.--—--L--- –J ---
I

q
I I I

-——.
r‘“- ‘--””--–”1---”-””r””--”- ‘“”-- --j-–”-1

L

I
-x ------- ._+&~:;-\------.-j----.l-=:l___+4

—- ..--—.._..

-—- ‘ --++====+:t-~+r

z q-I:z-414,:r? ~ I _

1~1 ~

II= ●“’_J___ .:: I
—-

1
-—

~ ~1-~.-—— ——

-1 i “-ul=:~
-4 o—”- 4 8 .,

Angle of attack, m., deg

Fi=gure15.- Variation of aileron section binge-moment coefficient with
angle of attack. Gap width = 0.0055cJ nose radii = 0.O.2C,

,,,,,=,, ,,,,, ,,M,,,,,,,.,.,. . .. .....--- .. ... ,,.,.,.,,.,-.



... .. . .,, .,.

● 10

#?

o

-.10

i-l
.rl
-d

.10

0

“ Aileron angle,-—””

1-
1

L

~a, deg
.— _

~-t I

o.-..—.-..
I : 13 ‘“–”‘–

,’\ \
Xq I x -13

! -1-
1—. .—.. I I

I
~~~--l-l--”.” ,“:”’’~x.

u
‘=+ — -—

“4- : ‘- ‘

I ‘o–
.-..

+++, I
“0°

“-—-r---t
I ~ I j \ ~-~-b

“r:

.— ——. _ 1+’ -*.+-4___ -.-.—..
~ ~ ~lJ=’ *417\ / T .:;;

! _..&_.-j- 1’ ‘“i—.— _ —+__+._._ l__r__&

-J_.]--------1 ~ ~ 1
I 1 I

;

I I
–;--–-.--;-–--..-f---f–..; ----–-–

I

1

1. ..—. —.—

~~

——

T,

_ I ~ ~_. ~ _ ~ .._{_._– __.-J–-.__

-x +-+

‘—+-++ I;.< t I -130

-+’~’

-i--’ / ---i--
-!--* ~J

_.Q--j-— !

~+~-
‘“’”-”fi-~-~~~” I

t:’

—--- —.—
~:00

I—–~—-L----

1 1 ‘f=Jc;~-
]J= .197 I

—, -._-–.J_&_&_._l_l_Q_Q –
l—

iL, i’!

!“[
—~—- .__l...-._=

/T\

i—_+.._:_—
!130—. —-.—,——. ..—

,,
11[’-.

-1-.._ L
1 i r.— —________ — -J--------——.--.L---.J...——_._i——_—_

-8 -4 0 4 8 1:

-.10

Angle of attack, a..,dcg

Figure M.- Variation of aileron section hin~e-momant coafficient with
angle of attack. Gap wiilth= 0.0055c (sealed); nose radii

= 0.CH2C.



Aog/e of otfaci%,(&, deg Angle of ottack, CLo, &g

7-.
0
p



Angle Of Q7%2Ck,~~ ~deg Ang/e of tiffczck, G,dteg “z

Figure /9.- Eff”ct of varlaflon of gap ~m%h m S1OF Figure, 20.-EWec+ of’vamw?oo of m/emn zmre mdji ~
of’ //f’f curve , Oa’OZ on dope of /#t curve g- 0== O; GQp
Nose radlj = 002c; Mach number =W T wi+h =CUWZZC sea.A&#@l& ?wmber=04/7



mJx
.18

,.

,16

n
N-J
-7d

.14

.12

.09

● 06

0

Fig. 21.——.—

m

-“—--~ ‘—
I
i

1__.-+.+_--l___:

‘1

“7

li!.~.~~!1
—-— .

1-
---–-.....~....+ --$...{.-----.;...—–-~-.-–.-+ —-

Ili

1

..--—.— -.---.~---..-l.-.1 ~ -J--l-..–– JGap wiiith
I o 0 ●0055C II

4

r:? .0055c(sealed)
——.- .-.--—-..—......,.-------.-.-,_,,-,,,,---

t ~
... ..—,-------..-1..-.——

!

,J

-i--- ——

II
l!
i

1
——.—!!keoreticalVtlriatic-1 ----+--—”

/

M

Gap width -.
-–L-= O*1O4 xT/:”;[~” I ! ~’O.0055c(sea.led-

-.—
-%-fl-”-f-”-–+----–-::- “-+–”-L”+- jn=~
\i ,>-/

“Ii ‘

-\ ---’-—-—’,----
.-L>L2r:~+” +“ ‘j =1‘.-------’1“-------‘-~~j

__&..--:.—. -—- -—

---— .__._.~--.--..j.--...r !_-._.._hJ..-.J.~@:zj’@ I ~
7

.—.-.— -.—---1

+!

I ---~s-f-4”J~’ ‘-I““’~i’c I I
—— ..~.__._.~..___l__._.l...._.._.___~._.~______~ , ,

j

L-+-. .-_/

i
lli’~~1--------------------------------------–---–----–--–-i---- .+-----.-4-------.---—--—-1
I

II
I i!

II

i~lI
——.— —— -- ..____ ._._ ...._r._-._._._.

1+
\.._.-.../. ......_/.––-.~.-_.-.-._._._

—-_

L

~ ~..-..-..l-...--l:..-.j.+__k__k_ i._._.J___.._l______

J !
.-----.—J. 1!—-. — —. I— .-”-.-—-l.———.—.._.L.__. ——, —.-. — ____ ,. ‘1L_T50

. 1(I .20 *30 ,40

J?igure21.- Com~arison of theoreticalaad measured effeet of iiachnumber
QLItileslope of the lift curve. Nose radii = 0.02c.

,.,,,,,,,,,.,- ,,,,,,,,, , ,,.,,--.,.



9

NACA F;g. 2?.

20
.,

1)0

M

[2

+3

-@
[ I I I I I I I I I I I I I I I I I I I I

i

-~46-/~+-4O4 812/6~

Ail@ron onglo, &, dag

!1

Figure Z& Vormjvon W sectjon //f t coefflcjent wtih oi/em
Ongle. #me rud// - 00/cJ gop -Wld..h =0.00S5C.



I

NAdA Fig. 23

/..

M

L?

72

-u

-.6

-49

-Lo

I I I I I I

1

1 1 1 1 1 I I I I I I

L I I I I I I I I I I

x

&’
a

-93 -/6 -12 -8 -4 0 4 8 /2 /6 20

Aileron ongle, 60, o’eg

Ftgwrc 2’3.– Vormtlon of aectlon hft coefflclenf wlfh uderon
UOg/E. ~OX rud// = (202c ; gO~ wu’th =O.OO05C.



NACA Fig. 24

20

-,2

-.6

‘.8

) -10

I I I I 1’ I I I I I I I i
H!!! l!!!l

I

I I
,., .r--

1 I
I

\,#*xlllmllll IIA’

-20 -/6 ‘/2 -8 -4 0 # & /Z /6 ,50

A1/eron ot?g/e, ~, deg

Figure 2.4.- Vi~4y=tlon of Secflon Ilf t c=fflck?nr wlih ulleron
No8e ?iiII. o.OZc~ gop wfdfh -0. 0030c.



I

NACA Fig. 25

.2!0

/.8

-.4

‘.6

-.8

-Lo

I I I I I I I
— Moth number, M t

I 1= .fi-l I

I

-20 -/6 -/2 -8 -4 0 4 8 /2 /6 20

A1/eron ang/e, 60, o’eg

11

—

Figure 25.- VorloTlon of sec~lon //f f coefflclenf wM olleron
ongl’. NQS~ ro dil = O.OZCj gup k+’/dfh= O.005.5c.



NACA F;g. 26

Z@

/.4

/2

ID

&

.2.

-.4

-10

I I I I I I I I I i
m~ nurn~~r,, M ! 1 1 1 1 1 r 1 1

L-I.-l.+ ,Z8E7L
11, w .Iww I I

I I lx .358 I I

I

,&’-” /4PI
I

law 1 I 1 I

Ii
1

l!’ ill

-2.0 -/ 6 -IL -8 –4 O 4 6 /2.. /6 2.0

Aileron onglQ, 6., d~ g

n

-0
m
a-—
II
.x
>
-4

=

Figure 26.– Vorloflon of Gec fIon //f? cef~lclen~ ~jfh ol/erOn
ung/e. Nose ~Ud//=O.O2cj gup w/dfh =c2~.5S C seo/ed.



NACA Fig. 27

6!0

,Z

-4

-[0

r, ...... .....,—-. . ‘-, ~

I I I I I I I I, 1

-./

I I

I I f-l / /

IVA/ M h
I

,.. ., ,---
1 I

I I

7 I I I I I !LLld

-/?0 -/6 -/2 -8 -4 0 4 (5 /2 /6 20

Aileron ong/e ~G, de9

Figure 2 Z– Vormt/on of section //f # coeffklen F, with oI/cro..
ongle. Nose rudlj = O.OZC; @p ~k,vrh= 0.2,157c.



I

,,

n
Q
-1
l-a

.08

●07

.06

.05

(-)
2)C[

‘O6a U’()

.04

.02

.0:

---1
I

II

1, a., deg.— -— — — -. -5.1
0 0
x 5.1

q,

.__.*._ L__.. ~

I
1.-—L_ _-i-

—-t——

--1-
f-””-+-----
! I

<
—.—..—_.-~.–...–

~‘2”~ ..—zc$i=p”~~,=++r-

~
—— —. .__. ——

~
1j—__,.–-

ii
I

jv-
.— .— -— ~— 1

T

—..

--–l–-/----–l---t

qq=.=.atta.’ .
1 >.,—

.—
——.-

—

\

.—.

~-j----+ ~

—-4-----

-.—. t——.-—.. .-?● . .3

10,2

Fig, 26

.—

Mach number, M

- ,y/ I

----t
—. —

— --1-—..—
10.2°

I—— —r
-–-l-----

I

L-
—. 5

.—

——

-—

4

Fiqara 28.- 13ffectof a variation of Mach number on the slope of the
curve of lift coefficient with aileron angle. Gap width

= 0.0055c; nose radii = 0.02G.
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Figure 29.- Effect of .avariation of Mach number on the slope of the
curve of lift coefficient ~ifith ail~ron angle. Gap width

= 0.0055c (sealed); nose radii = 0.02c.
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IWgure 30.- Effect of a variation of ..qanwidth on tineslo,paof tine ~.-.
cu~ve of lifi coefficient with aileron angle. Nose radii

= 0.02C.
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